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DESIGN AND O P E R A T I O N O F A 10,000 G P M D. C. E L E C T R O M A G N E T I C 
SODIUM P U M P AND 250,000 A M P E R E H O M O P Q L A R G E N E R A T O R 
R. A . J a r o s s a n d A , H. B a r n e s * 
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D. C. e lec t romagnet ic pumps and their re la ted power supplies have 
been under investigation a t Argonne National Labora tory since 1947. During 
this t ime approximate ly 30 different pump designs have been employed rang-
ing from 5 to 10,000 gpm in capacity. This work has culminated in the design 
and construct ion of a 10,000 ga l /min sodium pump and homopolar genera tor 
to supply i ts 250,000 amp cur ren t r e -
quirement . This pump-power supply 
combination, as constructed, features 
"'•--^ a compact unit aligned ver t ica l ly so 
as to reduce the e lec t r ica l conductor 
length between genera tor and pump 
and minimize the horizontal c r o s s -
sectional a r e a . As originally con-
ceived the unit was to have se rved as 
a prototype for the p r i m a r y sodium 
coolant pump of the Exper imenta l 
Breede r Reactor II. F igure 1 shows 
the unit without the ver t ica l drive 
motor in place over the genera to r . 
With m,otor the ent i re s t ruc ture is 30 
ft high and weighs 35 tons . This pa-
per will outline the important design 
fea tures , d iscuss their m e r i t s and 
presen t initial t es t s r e s u l t s . The 
pump and generator will be d iscussed 
separa te ly . 
.^.,^ 
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Fig. 1. Pump-Power Supply Unit. 
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10,000 GPM SODIUM PUMP 
A. E lec t r i ca l Jxmctions 
The pr incipal advantage of the D.C. e lec t romagnet ic pump is i ts ab i l -
ity to operate in highly radioact ive regions at very high t e m p e r a t u r e s . To 
achieve high t empera tu re operat ion it is n e c e s s a r y that all e l ec t r i ca l jxxnc-
tions in the pump be designed so as not to d e t e r i o r a t e . Conventional so lder -
ing and brazing methods a re not adequate for high t e m p e r a t u r e applicat ions. 
In selecting a m a t e r i a l for use as the cu r r en t conducting medium, a l imited 
selection is p resen ted . Low e lec t r i ca l r es i s t iv i ty is of paramount impor tance , 
however, some considerat ion must be given to the p rob l em of joining the 
conductor to the pump duct. The choice of m a t e r i a l s is l imi ted general ly to 
ei ther copper , a luminum, s i lver , nickel , sodium or NaK. Most pumps built 
at Argonne use e i ther copper, sodium, NaK or combinations of these . If 
space considerat ions a r e unimportant the use of sodium or NaK is very a t -
t rac t ive s ince, when in i ts molten s ta te , no t h e r m a l s t r e s s p rob lems a r e 
encountered where e lec t r i ca l contact is made to the pump duct. This t ech-
nique, in modified form, is used extensively in pumps built at Argonne. In 
the 10,000 gpm pump the bus f rom the cu r ren t source to the pump consis ts 
of molten sodium contained in a long i r r e g u l a r l y shaped box of rec tangular 
sect ion. Where space l imitat ions a re important , sucfi as near the e l e c t r o -
magnet of the pump, copper r ep l aces mos t of the sodium. Where the actual 
e lec t r ica l junction is made to the pump duct sodium is again used. Figure 2 
i l lus t r a t e s this sodium to copper to sodium e lec t r i ca l conductor. It is p o s -
sible with this conductor to avoid coinpletely any welds of copper to s ta in-
l e s s s tee l . In pumps where welds of this type a re n e c e s s a r y a technique is 
used whereby in te rmedia te welds of nickel and n ickel -copper alloy a re 
placed between the s ta in less s teel and copper . This method is expensive 
and is to be avoided in la rge pumps . 
B. Mater ia l s of Construct ion 
In selecting the m a t e r i a l s for use in the pump duct many cons ide ra -
tions must be taken. The ma te r i a l mos t often used at Argonne is 18 C r - 8 Ni 
s ta in less s tee l . This m a t e r i a l is chosen for the following r e a s o n s : 
1. Good co r ros ion c h a r a c t e r i s t i c s in sodium 
2. High e lec t r i ca l r es i s t iv i ty 
3. Good weldability 
4. Non-magnetic 
5. High t empera tu re s t rength 
6. Low Cost 
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Other ma te r i a l s su rpass 18-8 s ta in-
less s teel in one or more of these 
categories,* however, experience has 
justified its use for the miajor portion 
of pump duct construct ion. At the 
actual region of cur ren t conduction 
a c r o s s the pump duct a 1/16 in. thick 
sheet of 80% Ni-20% Cr alloy is used 
in the 10,000 gpm pump. The addi-
tional e lec t r ica l res is t iv i ty gained 
by using this ma te r i a l is very i m -
portant in this region. 
In smal l DC-EM pumps built 
at Argonne commerc ia l i ron is used 
extensively for the e lec t romagnet . 
The 16 ton electromagnet of the 
10,000 gpm pump is low carbon s teel . 
The poorer magnetic cha rac t e r i s t i c s 
a re offset by i ts lower cost . 
C. Pump Duct and Elec t romagnet Construction 
The pump duct in smal l pumps is formed into a rectangular section 
f rom a round tube. While inexpensive, s t rength and rel iabi l i ty a re sacrif iced 
since welding must now be done on the thin tube wall in order to at tach the 
e lec t r i ca l conductor. 
As pump s izes i nc r ea se , another se r ious problem confronts the de-
s igner . The head-capac i ty re la t ionship of the pump depends on the amount 
of cur ren t which actually t r a v e r s e s the pump duct in the region of strong 
magnet ic field. In p rac t i ce it is found a la rge portion of the cur ren t does 
bypass this region by t ravel ing down the pump duct and cross ing outside the 
magnetic field. This has the effect of making a very poor head-capaci ty 
relat ionship and consequently an inefficient pump. In o rder to avoid this 
bypassing loss the pump duct is divided into many separa te channels , each 
insulated e lec t r ica l ly from the o ther . The path the cur ren t must now take 
in o rde r to bypass the high flux region is great ly lengthened and hence the 
amount of bypass cu r r en t reduced. 
The 10,000 gpm pump has 12 e lec t r i ca l ly insulated channels each 
1^ in. by 6 in. in flow c r o s s - s e c t i o n . These channels a re made ent i re ly of 
1/16 in. thick 18-8 s ta in less s tee l . The channels extend into the e l ec t ro -
magnet gap for a dis tance of 6 in. at each side at which point the 12 channels 













Fig. 2. 10, 000 gpm Sodium Pump 
Cutaway View. 
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wide auid 30 in. long. In this duct all pumping takes p l ace . The 16 ton e l e c -
t romagnet i s made up of 20 •- 2 in. thick carbon s tee l p la tes with a 1/8 in. 
spacing between each. The magnet furnishes a flux density of 4000 gausses 
in the 15 in. a i r gap with 250,000 a m p e r e - t u r n s excitat ion. 
D. E l ec t r i c a l Design F e a t u r e s 
It has been fotind advisable to build DC-EM pumps with s e r i e s ex-
cited e l ec t romagne t s . This i s especia l ly t rue in l a r g e r pumps . As the c u r -
rent r e q u i r e m e n t s of the pump i n c r e a s e , the flux density does not a l ter 
grea t ly , hence the a m p e r e - t u r n s needed for the e lec t romagnet depends on 
the a i r gap size and ul t imately the pump ' s capacity. The 10,000 gpm pump 
has a one- tu rn s e r i e s excited e lec t romagnet . While this design is not good 
from the stajidpoint of flxix leakage, it i s s imple and inexpensive. 
The use of l a rge pumping cu r ren t and a one- tu rn e lec t romagnet 
nece s s i t a t e s the employment of some compensating device to overcome the 
c ross -magnef iz ing magnetomotive force produced by the cu r r en t in pass ing 
through the pump duct. Graded field poles and t apered pump ducts could be 
employed but for s implic i ty of design 
a s e r i e s compensat ing turn is used. 
After t r ave r s ing the pump duct the 
cu r ren t immedia te ly r e t u r n s in an 
opposite direct ion through a path 
pa ra l l e l to the pump duct cu r r en t 
path. Since no magnet ic ma te r i a l i s 
linked by this turn , it cancels the 
c ross -magne t i z ing effect of the pump-
ing cu r r en t . In Fig . 2 the compensa-
ting turn is two pa ra l l e l conductors 
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Fig, 3. Head-Capacity Relationship of 10, 000 gpm 
Pump in 700°F Sodium. 
E . T e s t R e s u l t s 
In i t i a l t e s t r e s u l t s on the p u m p 
have no t b e e n e n t i r e l y s a t i s f a c t o r y . 
F i g u r e 3 s h o w s the h e a d - c a p a c i t y r e -
l a t i o n s h i p for the p u m p at v a r i o u s 
c o n s t a n t c u r r e n t input c o n d i t i o n s . The 
s t e e p n e s s of the c u r v e s t o g e t h e r w i th 
low shut -of f p r e s s u r e r e s u l t s in an i n -
ef f ic ien t p u m p ( a p p r o x i m a t e l y 20% at 
10,000 g p m ) . T h i s c a n be a t t r i b u t e d 
to two f a c t o r s : 
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1. The leakage flux of the e lec t romagnet is higher than ant ic-
ipated, thus causing sa tura t ion of the s teel magnet while 
the flux density in the air gap is st i l l re la t ively low. 
2. The f r ing ing flux a t the e n d s of the m a g n e t c a u s e eddy 
c u r r e n t s to c i r c u l a t e in the 12 i n s u l a t e d c h a n n e l s . Since 
v e r y l i t t l e b y - p a s s i n g c u r r e n t t r a v e r s e s the 12 c h a n n e l s , 
v o l t a g e s a r e i n d u c e d in the s o d i u m a s it m o v e s t h r o u g h 
the f r ing ing f lux f i e ld . In e a c h chaj inel t h e s e v o l t a g e s 
p r o d u c e eddy c u r r e n t s , the effect be ing a r e d u c t i o n of 
the o v e r - a l l h e a d of the p u m p . 
By m o r e c a r e f u l l y m a t c h i n g the f r ing ing f lux to the b y - p a s s c u r r e n t 
it w i l l b e p o s s i b l e to g r e a t l y i m p r o v e t h e p u m p ' s p e r f o r m a n c e . Work on t h i s 
p h a s e i s p r o c e e d i n g at p r e s e n t wi th c o n c l u s i v e r e s u l t s e x p e c t e d wi th in t h r e e 
m o n t h s . 
H O M O P O L A R G E N E R A T O R 
As in the c a s e of the d i r e c t 
c u r r e n t - e l e c t r o m a g n e t i c p u m p , 
p a s t w o r k h a s c u l m i n a t e d in the 
d e s i g n and c o n s t r u c t i o n of a l a r g e 
l i qu id b r u s h h o m o p o l a r g e n e r a t o r . 
Î *"' '•' T h i s g e n e r a t o r w a s d e s i g n e d and 
bu i l t s p e c i f i c a l l y for u s e wi th the 
i-̂ -,'.,- - " '''"•'• 10,000 g p m p u m p . The n o m i n a l 
'"' ' r a t i n g of the g e n e r a t o r i s 250,000 
a m p e r e s , t h r e e v o l t s D C . F i g u r e 4 
s h o w s the g e n e r a t o r r e a d y for i n -
s t a l l a t i o n o v e r the 10,000 g p m D C -
E M p u m p . The f l anges shown a r e 
s t a n d a r d 30 in . d i a m e t e r p ipe 
f l anges and s e r v e a s the e l e c t r i c a l 
t e r m i n a l s for the g e n e r a t o r . The 
s o d i u m to c o p p e r to s o d i u m e l e c -
t r i c a l b u s m e n t i o n e d above m a k e s 
i t s j unc t ion wi th the g e n e r a t o r at 
t h i s f l ange . Al though the g e n e r a t o r 
w a s d e s i g n e d for spec i f i c a p p l i c a -
t ion wi th the 10,000 g p m p u m p , it 
cou ld be e a s i l y a d a p t e d to c o n v e n -
t i o n a l a p p l i c a t i o n s . 
% 
Fig, 4, 250, 000 Ampere Homopolar Generator 
Ready for Installation. 
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A. Genera l Design 
In F ig , 5 a cut-away on the genera tor i s shown with the ver t ica l dr ive 
motor in p lace . There a r e no windings of any Kind on the rotat ing a r ina tu re 
of the genera tor , the 12 in. d iamete r 
ro tor being composed of solid copper, 
i ron and s ta in less s teel cyl indrical 
plugs a s shown in F ig . 6. 
The e l ec t r i ca l design of the 
genera tor is bas ica l ly very s imple 
and well es tabl i shed . However, some 
of the design fea tures used to improve 
efficiency and mechanical re l iabi l i ty 












The genera tor is of the liquid 
brush type. Eutect ic NaK se rves as 
the cur ren t -conduc tor between the 
rotating and s ta t ionary m e m b e r s and 
covers the ro to r completely. Were 
it not for an insulating sleeve a direct 
shor t c i rcui t would exist a t a l l points 
along the ro to r , s ince NaK would be 
in contact with the s ta t ionary conduc-
tor at one potential and the ro to r at 
another . This insulating s leeve could be a single s ta in less s teel cylinder 
sealing the NaK from the s ta t ionary conductor, however the sleeve itself is a 
-DRIVE MOTOR 
SUPPORT 








(TO HEAT EXCHANGER) 
• • NaK OUT 
-COPPER PLUG 
IRON ROTOR 
- Fl El D WINDING 
-COPPER PLUG 
Fig. 6. Homopolar Generator Cross-Sectional View 
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short c i rcui t path and must be ve ry thin in order to reduce l o s s e s . The 
sleeve is composed of two concentr ic cyl inders welded at one end and insu-
lated from each other at all other points . The heavy outer cylinder c a r r i e s 
no cu r ren t and supports the thinner cylinder which is a shor t c i rcui t path. 
The inner cylinder can be made quite thin (0.008 in.), thus limiting the short 
c i rcui t l o s s e s . If any NaK leak or insulation breakdown occurs between these 
two cyl inders a shor t will ensue which will be cumulative in nature result ing 
in a complete shutdown of the genera to r . The use of an insulated coating on 
the s ta t ionary conductor has been avoided since even the smal les t pinhole 
could not be to le ra ted . For this reason a welded s ta inless s teel cylinder 
is used. 
The ro tor of the genera tor could be ent i re ly i ron. Were this done, 
however, fringing flux would t r ave l f rom stat ionary core to ro tor ac ros s the 
2 in. wide copper outer t e r m i n a l r ing. With NaK in contact with this ring a 
difference of potential would exist a c r o s s it and very la rge cu r r en t s would 
c i rcula te in the r ing . It is therefore impor tant to generate all the voltage 
only in the i ron port ion of the ro to r . The copper plugs in the ro tor a re s i l -
ver soldered to the cent ra l i ron plug to insu re good e lec t r i ca l contact. 
A chief concern in the design of homopolar genera to rs has been their 
magnetic unbalance. This comes about because the rotor cannot, for p r a c -
t ica l pu rposes , be perfec t ly cen te red in the toroidal magnetic field. Any 
unbalance is cumulative and pulls the rotor in one direct ion radial ly . In 
conventional machines this unbalance is not ser ious because the bear ings 
take the added load easi ly , but in a ver t i ca l homopolar a lmost all of the r'U-
dial th rus t mus t be taken by the top bear ing which is located above the NaK 
level . This p rob lem of magnet ic unbalance is solved by two devices . F i r s t , 
the shaft f rom the ro tor to the main rad ia l bear ing is ve ry heavy, tapering 
from 12 in. d iamete r to 4^ in. d iamete r in a length of 15 in. This very r igid 
m e m b e r s e r v e s to hold the ro to r cen te red even under ve ry strong und i rec -
tional rad ia l t h r u s t s . Second, the magnetic unbalance itself is reduced by 
enlarging the air gap of the gene ra to r . The amount of radia l th rus t depends 
on the ra t io of init ial unbalance to air gap length. By keeping the air gap 
la rge the th rus t is reduced. It would be possible to laminate the stat ionary 
inner cu r r en t conductor with i ron and reduce the a m p e r e - t u r n s requi red for 
the air gap. This shortening of the air gap would great ly inc rease the \in-
balanced force on the ro to r , however . 
The e l ec t r i ca l l o s se s of the genera tor a re high per unit volume. 
This could cause a cooling p rob lem were it not for the fact that the NaK brush 
is continually c i rcula ted through the machine and to an external NaK to water 
heat exchanger, the pumping power being provided by the turning ro to r . All 
of the l o s ses except excitation and bear ing lo s ses a re removed in this man-
n e r . Operating at full load this amounts to approximately 60 KW. Since most 
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the l o s s e s , hydraul ic and shor t c i rcui t , a r e produced in the NaK itself, heat 
t r ans fe r is simplified in the gene ra to r . The maximum genera tor t empera tu re 
can be maintained below 150°Cwith this cooling technique. 
The excitation to the genera tor field is supplied by a separa te source 
of 3000 amp DC. The field coil is composed of 13 turns of heavy copper s t r ap , 
wate r -cooled . By using a dry rect i f ier to supply field excitation, the output 
voltage of the genera tor can easi ly be regulated to very smal l i n c r e m e n t s . 
This fact is impor tant in DC-EM pump appl icat ions. 
With so high a load cu r r en t g rea t ca re must be taken to avoid c r o s s -
magnetizing the field s t r u c t u r e . This can easi ly be done in the s ta t ionary 
m e m b e r s by ca r ry ing the load cu r ren t para l le l to the ro tor cu r r en t and i m -
mediate ly adjacent to i t . The only c ross -magne t i z ing flux exis ts in the rotor 
i ron and requ i res approximately 8000 amp turns additional excitation over 
that r equ i red for the a i r gap and i ron a lone. To date the highest load cur ren t 
c a r r i e d by the genera to r has been 507,000 amp at 1.58 v, the field cu r ren t 
requ i red at this point being 2980 a m p . 
An iner t gas blanket mus t be maintained over the NaK. In o rde r to 
l imit leakage of this gas , a shaft sea l is located in this gas space . The^gas 
seal is lubr ica ted with a smal l amount of oil and continuous observat ion is 
made on the sea l t empera tu re while operat ing. 
P a s t exper ience with NaK brush homopolar genera to rs has shown that 
the pr incipal p rob lems have been the following: 
(a) Cooling of the genera to r , 
(b) Fr inging flux causing circulat ing cu r r en t s in t e rmina l r i ngs . 
(c) Magnetic unbalance causing displacement of ro to r . 
(d) Leakage of NaK from genera to r . 
These problems have been solved to the sat isfaction of Argonne in p resen t 
genera to r . 
B. Test Resul ts 
Before instal lat ion of the genera tor over the pump, t e s t s were made 
in o rde r to es tabl ish i ts re l iabi l i ty and obtain n e c e s s a r y e lec t r i ca l data. The 
condensed re su l t s of these data a r e shown in F i g s . 7 and 8. In these tes t s 
the e lec t r i ca l load on the genera tor was composed of many water -cooled cop-
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Fig. 7. Homopolar Generator 
Efficiency vs. Current at 
Constant Load Resistance. 
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Fig. 8. Homopolar Generator 
Voltage vs. Current with 
Field Excitation Constant 
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load r e s i s t ance could be var ied from 3.1 x 10" ohms upward in seve ra l 
s t eps . It was unfortunately imposs ib le to obtain maximum efficiency data 
due to the limiited e lec t r i ca l capacity of the copper load tubes . 
The homopolar genera tor has opera ted successfully for severa l hun-
dred hr, on load t e s t s and also in actual use with the 10,000 gpm pump. The 
combined pump-gene ra to r -d r ive motor unit has shown itself to be mechani-
cally sound. The essence of the unit l ies in i ts ability to convert 2300-v, 3 
phase e lec t r i ca l power to control lable sodium pumping. The compact a r -
rangement of the unit al lows i ts movement in one piece . This feature , plus 
i ts smal l hor izontal c r o s s - s e c t i o n , makes this unit design applicable to the 
p r i m a r y sys tem of the EBR-II . 
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